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METHOD AND APPARATUS FOR 
PERFORMING SPEECH SEGMENTATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method and apparatus 
for performing a speech segmentation upon an unknown 
speech signal using a knoWn speech signal. 

2. Description of the Related Art 
In a ?rst prior art speech segmentation apparatus, a feature 

parameter is extracted from an input speech signal. Then, 
segmentation points of speech elements are determined by 
detecting changes in the feature parameter (see: JP-A-64 
44492). 

In the above-described ?rst prior art speech segmentation 
apparatus, hoWever, if each change of the feature parameter 
is small, it is impossible to detect such a change, so that the 
performance of determination of segmentation points dete 
riorates. 

In a second prior art speech segmentation apparatus, if the 
sequence of speech elements of an input speech signal is 
knoWn, segmentation points of the speech elements of the 
input speech signal are determined by visually comparing 
the feature parameter thereof With that of a knoWn speech 
signal. 

In the above-described second prior art speech segmen 
tation apparatus, hoWever, since the determination of seg 
mentation points is visually carried out, the cost therefor is 
increased. Also, if a paused interval is included in the knoWn 
speech signal, an input speech signal is also generated by 
introducing a paused interval in a voice, Which Would 
trouble a person Who speaks to generate the voice. Further, 
since some voWels are easily caused to be silent, a person 
has to be careful in speaking such voWels to make them 
correspond to those of the knoWn speech signal. 

In a third prior art speech segmentation apparatus, the 
segmentation points of speech elements are automatically 
determined by using a hidden Markov model (HMM). 

In the above-described third prior art speech segmentation 
apparatus, hoWever, since the time limitation is loose, the 
accuracy of segmentation points around boundaries betWeen 
speech elements is loW. Although the accuracy of segmen 
tation points can be enhanced by learning a highly accurate 
reference speech signal of a speci?c person, such a highly 
accurate reference speech signal is not easy to obtain. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method 
and apparatus for performing a speech segmentation capable 
of enhancing the performance of determination of segmen 
tation points. 

According to the present invention, in a method for 
performing a segmentation operation upon a synthesiZing 
speech signal and an input speech signal, a synthesiZed 
speech signal and a speech element duration signal are 
generated from the synthesiZing speech signal. A?rst feature 
parameter is extracted from the synthesiZed speech signal, 
and a second feature parameter is extracted from the input 
speech signal. A dynamic programming matching operation 
is performed upon the second feature parameter With refer 
ence to the ?rst feature parameter and the speech element 
duration signal to obtain segmentation points of the input 
speech signal. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will be more clearly understood 
from the description set forth beloW, With reference to the 
accompanying draWings, Wherein: 

FIG. 1 is a block circuit diagram illustrating an embodi 
ment of the speech segmentation apparatus according to the 
present invention; 

FIG. 2 is a detailed block circuit diagram of the matching 
unit of FIG. 1; 

FIG. 3 is a ?oWchart for explaining the operation of the 
DP matching unit 331 of FIG. 2; 

FIG. 4A is a timing diagram shoWing the speech feature 
parameter of FIG. 2 for explaining the ?oWchart of FIG. 3; 

FIG. 4B is a timing diagram shoWing the input feature 
parameter of FIG. 2 for explaining the ?oWchart of FIG. 3; 

FIG. 5A is a timing diagram shoWing the searched path 
Width and Weight in the paused intervals of the input feature 
parameter of FIG. 2; 

FIG. 5B is a timing diagram shoWing the searched path 
Width and Weight in the non-paused intervals of the input 
feature parameter of FIG. 2; 

FIG. 6 is a ?oWchart for explaining the operation of the 
pause boundary determining unit of FIG. 2; 

FIG. 7 is a ?oWchart for explaining the operation of the 
DP matching unit 333 of FIG. 2; 

FIG. 8A is a timing diagram shoWing the speech feature 
parameter of FIG. 2 for explaining the ?oWchart of FIG. 7; 

FIG. 8B is a timing diagram shoWing the input feature 
parameter of FIG. 2 for explaining the ?oWchart of FIG. 7; 

FIG. 9 is a diagram shoWing the DP matching result of the 
DP matching unit 331 of FIG. 2; 

FIG. 10 is another ?oWchart for explaining the operation 
of the DP matching unit 333 of FIG. 2; 

FIG. 11 is a diagram shoWing the DP matching result of 
the DP matching unit 333 of FIG. 2; 

FIG. 12 is a block circuit diagram illustrating a speech 
corpus forming apparatus for speech synthesiZing to Which 
the speech segmentation apparatus of FIG. 1 is applied; 

FIG. 13 is a block circuit diagram illustrating another 
speech corpus forming apparatus for speech synthesiZing to 
Which the speech segmentation apparatus of FIG. 1 is 
applied; 

FIG. 14 is a ?oWchart for explaining the operation of the 
apparatus of FIG. 13. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In FIG. 1, Which illustrates an embodiment of the speech 
segmentation apparatus according to the present invention, 
reference numeral 1 designates a speech database for storing 
knoWn speech signals of the voice of a speci?c person in 
advance, 2 designates a speech inputting unit for inputting 
an input speech signal of an unknoWn speech signal of a 
person to generate an input speech signal Sin and 2‘ desig 
nates a text inputting unit for inputting a text to generate a 
text signal St. In this case, the speech elements of the text 
signal S, are the same as those of the input speech signal Sin. 
A speech segmentation apparatus 3 receives a speech signal 
Sd from the speech database 1 in accordance With the text 
signal St and the input speech signal Sin from the speech 
inputting unit 2. In this case, since the speech elements of the 
speech signal S d are the same as those of the text signal St, 
the speech elements of the speech signal Sd are the same as 
those of the input speech signal Sin. 
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The speech segmentation apparatus 3 of FIG. 1 is con 
structed by a speech synthesizing unit 31, a feature param 
eter extracting unit 32, a matching unit 33, a segmentation 
point modifying unit 34 and a segmentation point outputting 
unit 35. 
When the speech synthesizing unit 31 receives the speech 

signal S d in accordance With the text signal S,, the speech 
synthesizing unit 31 generates a synthesized speech signal 
S and a speech element duration signal Se, and transmits the 
synthesized speech signal S, and the speech element dura 
tion signal S, to the feature parameter extracting unit 32 and 
the matching unit 33, respectively. 

The feature parameter extracting unit 32 extracts a speech 
feature parameter P, from the synthesized speech signal S, 
and an input feature parameter P,,, from the input speech 
signal S,” at every predetermined time period. For example, 
each of the feature parameters P, and P,,, is a ?lter bank 
output, i.e., poWer spectrum or the like. 

The matching unit 33 performs a dynamic programming 
(DP) matching operation upon the feature parameters P, and 
P,,, in correspondence With the speech element duration 
signal 5,, thereby obtaining segmentation points SP. The 
segmentation points SP are modi?ed by the segmentation 
point modifying unit 34 and are outputted by the segmen 
tation point outputting unit 35. 

Note that the segmentation point modifying unit 34 deter 
mines Whether or not the change of the input feature 
parameter P,,, is larger than a de?nite value in accordance 
With the speech element duration signal Se. As a result, only 
When the change of the input feature parameter P,,, is larger 
than the de?nite value, is the corresponding segmentation 
point moved to a point (time) Where the change of the input 
feature parameter P,,, is larger than the de?nite value. 

In FIG. 2, Which is a detailed block circuit diagram of the 
matching unit 33 of FIG. 1, the matching unit 33 is con 
structed by a DP matching unit 331, a pause boundary 
determining unit 332 and a DP matching unit 333. The DP 
matching unit 331 performs a DP matching operation upon 
the entirety of the feature parameters P, and Pm, While the DP 
matching unit 333 performs a DP matching operation upon 
each of the non-paused intervals of the feature parameters P, 
and P,,,. 

The operation of the DP matching unit 331 of FIG. 2 Will 
be explained next With reference to a ?oWchart as illustrated 
in FIG. 3. Here, the speech feature parameter P, is assumed 
to be changed in accordance With a coordinate t as illustrated 
in FIG. 4A, and the input feature parameter P,,, is assumed 
to be changed in accordance With a coordinate t‘ as illus 
trated in FIG. 4B. Both of the feature parameters shoW the 
same sequence of speech elements “d”, “e”, “W”, “a”, . . . , 

First, at step 301, it is determined Whether or not there are 
paused intervals in the input feature parameter P,,, Where 
P,,,<TH (threshold value). Only if there are paused intervals 
such as PI,- as indicated in FIG. 4B, does the control proceed 
to steps 302 and 303. OtherWise, the control proceeds 
directly to step 304. 
At step 302, a searched path Width W of the input feature 

parameter P,,, having a coordinate t‘ is made in?nite in the 
paused intervals as illustrated in FIG. 5A. Also, at step 303, 
a Weight of the input feature parameter P,,, is made de?nite 
in the paused intervals as illustrated in FIG. 5A. 
At step 304, the searched path Width W of the input 

feature parameter P,,, for the non-paused intervals are ?nite 
as illustrated in FIG. 5B. Also, at step 305, the Weight of the 
input feature parameter P,,, for the non-paused intervals is 
inde?nite. 
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4 
At step 306, a DP matching operation is performed upon 

the speech feature parameter P, and the input feature param 
eter P,,, using the path Width and the Weight made at steps 
302 to 305, to obtain segmentation points. 

Next, at step 307, the result of the DP matching operation 
is made correspondent to the speech element duration signal 
Se. That is, as illustrated in FIG. 4B, speech elements “d”, 
“e”, “W”, . . . are allocated to the input feature parameter Pin. 

Next, at step 308, the DP matching result including only 
the paused intervals and the segmentation points close 
thereto are outputted to the pause boundary determining unit 
332. In this case, the other information of the DP matching 
result is scrapped. 

Thus, the ?oWchart of FIG. 3 is completed by step 309. 
The operation of the pause boundary determining unit 332 

of FIG. 2 Will be explained next With reference to FIG. 6 The 
?oWchart of FIG. 6 is started by receiving the result of the 
DP matching operation from the DP matching unit 321. 

First, at step 601, pause boundary information is deter 
mined in accordance With the paused intervals and the 
segmentation points close thereto. 

Next, at step 602, the pause boundary information is 
outputted to the DP matching unit 333. 

Thus, the ?oWchart of FIG. 6 is completed by step 603. 
The operation of the DP matching unit 333 of FIG. 2 Will 

be explained next With reference to FIG. 7. The ?oWchart of 
FIG. 7 is started by receiving the pause boundary informa 
tion from the pause boundary determining unit 332. Here, 
the number of pause boundaries is “n”. 

First, at step 701, a value i is initialized, i.e., 

At step 702, a DP matching operation is performed upon 
the speech feature parameter P, and the input feature param 
eter P,,, using the path Width and the Weight as illustrated in 
FIG. SE, to obtain segmentation points before the boundary 
of the paused interval PI,-. 

Next, at step 703, the result of the DP matching operation 
is made correspondent to the speech element duration signal 
5,. 

That is, as illustrated in FIG. 8B, if i=1, speech elements 
“d”, “e”, “W”, and “a” are allocated to the input feature 
parameter Pin. Also, if i=2, speech elements “g”, “0”, “cl”, 
“k”, and “c” are allocated to the input feature parameter P,,, 

Next, at step 704, it is determined Whether or not iin is 
satis?ed. When i<n, the control proceeds to step 705 Which 
increases i by +1, thus repeating the operations at steps 702 
to 704. OtherWise, i.e., if iin, the control proceeds to step 
706. 
At step 706, the segmentation points are outputted to the 

matching point modifying unit 34. 
Thus, the ?oWchart of FIG. 7 is completed by step 707. 
In FIG. 9, Which illustrates the DP matching result of the 

DP matching unit 331 of FIG. 2, since the searched path 
Width W is made in?nite (see step 302 of FIG. 3) and the 
Weight is de?nite (see step 303 of FIG. 3), if no paused 
interval is allocated to the speech feature parameter P,, only 
tWo segmentation points such as SP1 and SP2 are allocated 
to one paused interval of the input feature parameter P,,, 
The operation of the DP matching unit 333 of FIG. 2 for 

determining a silent speech element of the input feature 
parameter P,,, Will be explained next With reference to FIG. 
10 as Well as FIG. 11 Which shoWs the DP matching result 
of the DP matching unit 333. 

In FIG. 11, a speech element is assumed to be easily 
caused to be silent, and a start timing t1 and an end timing 



US 7,010,481 B2 
5 

t2 of the speech element are stored in advance. Also, in 
FIG. 10, the following values are de?ned: 

t: time of the speech feature parameter Pt; 
t‘: time of the input feature parameter Pin; 
L[t][t‘]: time of the input feature parameter PM Where the 

distance betWeen (t, t‘) and (t-1, L[t][t‘]) is minimum; and 
G[t][t‘]: Weight distance of an optimum path from (t, t‘) to 

(0,0). 
First, at step 1001, time t and time t‘ are initialized, i.e., 

Where tf and tf‘ are ?nal times of the speech feature 
parameter Pt and the input feature parameter Pin. 

Next, at step 1002, it is determined Whether or not t=t2 is 
satis?ed. Only if t=tZ, does the control proceed to step 1003 
Which determines Whether or not G[tZ][t‘]>G [t1][t‘] is 
satis?ed. OtherWise, i.e., if t#t2, the control proceeds to step 
1007. 
At step 1003, if G[t2][t‘]>G[t1][t‘], the control proceeds to 

step 1004 in Which 

vent] [v1 

The operation at step 1004 is repeated by steps 1005 and 
1006 until t reaches t1. 
On the other hand, at step 1003, if G[t2][t‘] §G[t1][t‘], the 

control proceeds to step 1007. 
At step 1007, 

The operation at step 1002 to 1007 are repeated by steps 
1008 and 1009 until t reaches 0. 

Thus, the ?oWchart of FIG. 10 is completed by step 1010. 
In FIG. 11, When the determination at step 1003 is 

af?rmative, an optimum path is indicated by a solid line 
Where the speech element “i” is caused to be silent. On the 
other hand, When the determination at step 1003 is negative, 
an optimum path is indicated by a dotted line Where the 
speech element “i” is caused to be not silent. 

In summary, Weight distances of all the paths at times t1 
and t2 are stored in advance. Then, When searching an 
optimum path, the distance at time t2 is compared With the 
distance at time t1. As a result, When the distance at time t2 
is large then the distance at time t1, an optimum path is 
linked betWeen a time of the input feature parameter Pin 
corresponding to t2 and the same time of the input feature 
parameter Pin corresponding to t1. On the other hand, then 
the distance at time t2 is smaller than the distance at time t1, 
searching of an optimum path is carried out in a usual 
manner. 

Note that, if the speech element of the input feature 
parameter Pin is silent, the speech element “i” (voWel) of the 
input feature parameter PM is matched With the speech 
element “i” and its immediate preceding silent speech ele 
ment “sh” (consonant) of the speech feature parameter Pt. 
Generally, a silent consonant plus a voWel Which is easily 
caused to be silent is longer than a voWel Which is easily 
caused to be silent. Therefore, When carrying out a DP 
matching operation by the DP matching unit 323, the 
searched path Width is caused to be increased. 

In FIG. 12, Which illustrates a speech corpus forming 
apparatus for speech synthesiZing to Which the speech 
segmentation apparatus of FIG. 1 is applied, the input 
speech signal Sin from the speech inputting unit Z and the 
segmentation points from the speech segmentation appara 
tus 3 are stored in an input speech signal/segmentation 
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6 
points database 4. A speech synthesiZing element forming 
unit 5 forms speech synthesiZing elements in accordance 
With the input speech signal Sin and the segmentation points 
stored in the input speech signal/segmentation point data 
base 4, and stores the speech synthesiZing element in a 
speech database 6. 

In FIG. 13, Which illustrates another speech corpus form 
ing apparatus for speech synthesiZing to Which the speech 
segmentation apparatus of FIG. 1 is applied, a sWitch 7 is 
added to the elements of FIG. 12, so that speech synthesiZing 
elements in the speech database 6 are selectively supplied as 
a speech signal S d‘ to the speech segmentation apparatus 3. 
The operation of the apparatus of FIG. 13 Will be 

explained next With reference to FIG. 14. Here, the number 
of voices to be segmented is assumed to be “n”. 

First, at step 1401, a value i is initialiZed, i.e., 

Next, at step 1402, it is determined Whether or not a voice 
Vi is present in the speech database 6. Only if the voice Vi 
is present in the speech database 6, does the control proceeds 
to step 1403 Which performs a DP matching operation upon 
the voice Vi of the input speech signal Sin and the voice Vi 
stored in the speech database 6. OtherWise, i.e., if the speech 
Vi is not present in the speech database 6, the control 
proceed to step 1404 Which performs a DP matching opera 
tion upon the speech Vi of the input speech signal Sin and the 
voice Vi stored in the speech database 1. 

The DP matching result at steps 1403 and 1403 are stored 
in the input speech signal/segmentation point database 4. 
The operations at steps 1402, 1403 and 1404 are repeated 

by steps 1405 and 1406 until i reaches n. 
At step 1407, the speech synthesiZing element forming 

unit 5 forms speech synthesiZing elements in accordance 
With the input speech signal Sin and the segmentation points 
stored in the input speech signal/segmentation point data 
base 4, and then, stores the speech synthesiZing elements in 
the speech database 6. 
At step 1408, it is determined Whether or not the reneWed 

matching result, i.e., the reneWed segmentation points in the 
input speech signal/segmentation point database 4 are close 
to those Which are previously stored therein. 
The operations at steps 1401 to 1407 are repeated until the 

reneWed segmentation points are close to the corresponding 
previously-stored segmentation points. In other Words, the 
segmentation points are converged. 

Thus, the ?oWchart of FIG. 14 is completed by step 1409. 
As explained hereinabove, according to the present inven 

tion, the accuracy of determination of segmentation points 
can be enhanced. 

What is claimed is: 
1. A method for performing a segmentation operation 

upon a synthesiZing speech signal and an input speech 
signal, comprising the steps of: 

generating a synthesiZed speech signal and a speech 
element duration signal from said synthesiZing speech 
signal; 

extracting a ?rst feature parameter from said synthesiZed 
speech signal; 

extracting a second feature parameter from said input 
speech signal; and 

performing a dynamic programming matching operation 
upon said second feature parameter With reference to 
said ?rst feature parameter and said speech element 
duration signal to obtain segmentation points of said 
input speech signal. 
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2. The method as set forth in claim 1, wherein said 
synthesizing speech signal includes no paused intervals, said 
dynamic programming matching operation performing step 
comprising the steps of: 

determining Whether or not there are paused intervals in 
said second feature parameter; and 

controlling a searched path Width and Weight of said 
second feature parameter for said dynamic program 
ming operation in said paused intervals When there are 
said paused intervals in said second feature parameter. 

3. The method as set forth in claim 2, Wherein said 
dynamic programming matching operation performing step 
further comprises a step of determining pause boundaries in 
accordance With said paused intervals and said segmentation 
points close thereto. 

4. The method as set forth in claim 3, Wherein said 
dynamic programming matching operation performing step 
comprises a step of performing a further dynamic program 
ming matching operation upon said second feature param 
eter partitioned by said paused intervals in accordance With 
said ?rst feature parameter and said speech element duration 
signal. 

5. The method as set forth in claim 4, Wherein said further 
dynamic programming matching operation performing step 
comprises the steps of: 

storing a start time and an end time of a possible silent 
voWel of said ?rst feature parameter; 

comparing a Weight distance of a path from Zero time to 
said start time With a Weight distance of a path from 
said Zero time to said end time; and 

determining Whether or not a voWel of said second feature 
parameter corresponding to said possible silent voWel 
of said ?rst feature parameter is silent in accordance 
With a result of said comparing step. 

6. The method as set forth in claim 5, Wherein said further 
dynamic programming matching operation performing step 
increases a searched path Width of said ?rst feature param 
eter in an interval Where the voWel of said second feature 
parameter is determined to be silent. 

7. The method as set forth in claim 3, further comprising 
a step of modifying said segmentation points in accordance 
With a change of said second feature parameter in speci?c 
boundaries. 

8. The method as set forth in claim 1, further comprising 
the steps of: 

forming speech synthesiZing elements in accordance With 
said input speech signal and said segmentation points; 
and 

storing said speech synthesiZing elements, said synthe 
siZed speech signal/speech element duration generating 
step generating said synthesiZed speech signal and said 
speech element duration signal from said stored speech 
synthesiZing elements, said dynamic programming 
matching operation performing step performing said 
dynamic matching operation until said segmentation 
points are converged. 

9. An apparatus for performing a segmentation operation 
upon a synthesiZing speech signal and an input speech 
signal, comprising: 

a speech synthesiZing unit for generating a synthesiZed 
speech signal and a speech element duration signal 
from said synthesiZing speech signal; 
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8 
a feature parameter extracting unit for extracting a ?rst 

feature parameter from said synthesiZed speech signal 
and extracting a second feature parameter from said 
input speech signal; and 

a matching unit for performing a dynamic programming 
matching operation upon said second feature parameter 
With reference to said ?rst feature parameter and said 
speech element duration signal to obtain segmentation 
points of said input speech signal. 

10. The apparatus as set forth in claim 9, Wherein said 
synthesiZing speech signal includes no paused intervals, said 
matching unit comprising: 
means for determining Whether or not there are paused 

intervals in said second feature parameter; and 
means for controlling a searched path Width and Weight of 

said second feature parameter for said dynamic pro 
gramming operation in said paused intervals When 
there are said paused intervals in said second feature 
parameter. 

11. The apparatus as set forth in claim 10, Wherein said 
matching unit further comprises means for determining 
pause boundaries in accordance With said paused intervals 
and said segmentation points close thereto. 

12. The apparatus as set forth in claim 11, Wherein said 
matching unit comprises a further matching unit for per 
forming a further dynamic programming matching operation 
upon said second feature parameter partitioned by said 
paused intervals in accordance With said ?rst feature param 
eter and said speech element duration signal. 

13. The apparatus as set forth in claim 12, Wherein said 
further matching unit comprises: 
means for storing a start time and an end time of a possible 

silent voWel of said ?rst feature parameter; 
means for comparing a Weight distance of a path from a 

Zero time to said start time With a Weight distance of a 
path from said Zero time to said end time; and 

means for determining Whether or not a voWel of said 
second feature parameter corresponding to said pos 
sible silent voWel of said ?rst feature parameter is silent 
in accordance With a result of said comparing means. 

14. The apparatus as set forth in claim 13, Wherein said 
further matching unit increases a searched path Width of said 
?rst feature parameter in an interval Where the voWel of said 
second feature parameter is determined to be silent. 

15. The apparatus as set forth in claim 11, further com 
prising a segmentation point modifying unit for modifying 
said segmentation points in accordance With a change of said 
second feature parameter in speci?c boundaries. 

16. The apparatus as set forth in claim 9, further com 
prising: 

a speech synthesiZing element forming unit for forming 
speech synthesiZing elements in accordance With said 
input speech signal and said segmentation points; and 

a storing unit for storing said speech synthesiZing ele 
ments, said speech synthesiZing unit generating said 
synthesiZed speech signal and said speech element 
duration signal from said stored speech synthesiZing 
elements, said matching unit performing said dynamic 
programming matching operation until said segmenta 
tion points are converged. 

* * * * * 


